Abstract A white-rot basidiomycete Ganoderma spp. has long been used as a medicinal mushroom in Asia, and it has an array of pharmacological properties for immunomodulatory activity. There have been many reports about the bioactive components and their pharmacological properties. In order to analyze the current status of Ganoderma products, the detailed process of cultivation of Ganoderma spp. and development of their products are restated in this review article. These include the breeding, cultivating, extracting bioactive component, and processing Ganoderma products, etc. This article will expand people's common knowledge on Ganoderma, and provide a beneficial reference for research and industrial production.
Introduction
Ganoderma lucidum (Fr.) Karst (named as Lingzhi in China), a species of basidiomycetes which belongs to Polyporaceae (or Ganodermaceae) of Aphyllophorales, is one of the most popular medicinal mushrooms in China, Japan, Korea, and other Asian countries. It has been under modern biochemical and pharmacological research during the last 30 years (Gao et al. 2006) . However, in the earliest Chinese literatures, this medicinal mushroom is not called "Lingzhi", instead of "Rui Cao" (means auspicious herbs) or "Zhi". After the Han dynasty, the name of Lingzhi started to appear in the ancient Chinese literatures. It should be noted that Lingzhi mentioned in ancient Chinese literatures is different from the Ganoderma described in fungal classification today. Besides the Ganoderma and its relatives, Lingzhi described in ancient Chinese literatures also included some fungi belonging to Polyporales and Agaricales, etc., especially in Taoism history books (Zhou and Lin 1999) .
In the opinion of modern traditional Chinese medicine (TCM), Lingzhi presents three characters for prevention or treatment of diseases. Firstly, the usage of Lingzhi is without any toxicity and apparent absence of side effects; secondly, it has no pertinence on a special organ; and the last one is its improvement effects on normalization of the organ function. With the development of biotechnology, many researchers have intensively studied the bioactive components of Lingzhi and many Lingzhi-based products. Modern pharmacological and clinical trials have demonstrated that Lingzhi showed a significant effect on the prevention and treatment of various diseases. For example, the anti-cancer effects of Lingzhi were associated with triterpenes, polysaccharides, and fungal immunomodulatory proteins (FIPs) by the mechanisms of DNA polymerase inhibition, posttranslation modification inhibition of the Ras oncoprotein, or cytokine production stimulation (Sliva 2006; Ding et al. 2009a, b; Ogbe et al. 2011) . Nowadays, there is an increasing public interest on the secondary metabolites of Lingzhi for exploring new drugs or leading compounds. Therefore, a number of bioactive constituents have been isolated from Lingzhi, including small molecule compounds, polysaccharides, proteins, enzyme, polysaccharide-protein complexes, etc. (Zhong and Xiao 2009; Xu et al. 2010a, b; Ferreira et al. 2010; Xu et al. 2011) . Because of the unique pharmacological function and apparent absence of side effects, it has attained a reputation in the East and some African countries as the ultimate herbal substance. Now Lingzhi has been added not only to the Chinese Pharmacopoeia (Zhou et al. 2007a ) but also to the American Herbal Pharmacopoeia and Therapeutic Compendium (Sanodiya et al. 2009 ).
In an overview of previous literatures, there was a larger collection of papers on Lingzhi's bioactive components and their pharmacological properties, and a number of reviews had appeared on these aspects (Luo and Lin 2002; Shiao 2003; Yuen and Gohel 2005; Zhou et al. 2007a, b; Sanodiya et al. 2009; Olaku and White 2011; Xu et al. 2011) . The reason why Lingzhi draws so much attention is because it is a potential pharmacological macrofungi (Sanodiya et al. 2009 ) and it plays an important role in disease prevention and treatment in folk medicine; meanwhile, modern pharmacological tests have also demonstrated some actions and properties of Lingzhi, including immunomodulating, inducing cytokine production, anti-allergic, anti-radiation, antitumor, anti-inflammatory, anti-parasitic, anti-oxidant, benefiting on the cardiovascular system, respiratory system, endocrine and metabolic systems, etc. (Wasser 2002; Gao et al. 2004; Hong et al. 2004; Zhou et al. 2007a; Mahajna et al. 2009 ). However, Lingzhi products processed by bioactive components depend on the upstream cultivation, such as the fruiting bodies, mycelia, and culture broths; meanwhile, Lingzhi-based products also rely on the downstream process. In summary, the qualitative and quantitative differences in the chemical composition of Lingzhi products are dependent on the strain, origin, extracting process, and cultivation conditions (Mizuno 1995; Zhou and Lin 1999; Zhou et al. 2008a; McKenna et al. 2002) . In this review article, the cultivation methods and conditions of Lingzhi have been overviewed. Subsequently, the current status of products process would be addressed. Finally, problems and prospects were analyzed and viewed. This review is beneficial to researchers and producers.
Cultivation of Ganoderma species
Wild Lingzhi is difficult to collect and to control its quality. In 1970, a Chinese technician used "spore separation cultivation method" to successfully cultivate Lingzhi. From then on, artificial cultivation of Lingzhi has been available in China.
Breeding of Lingzhi
The good quality of Lingzhi strain is the precondition or key for Lingzhi production. The strain quality has an effect not only on the yield of Lingzhi-based product but also its quality. Therefore, selection of a good Lingzhi strain is a very important task. At any time, high production and good quality are always the principal goals for agriculturally important crops, without the exception of medicinal mushrooms. There are a lot of breeding methods, such as mass selection, programmed mutation, cross-breeding and transgenic breeding, etc. Up to now, with the development of modern biotechnology, the protoplast fusion techniques widely applied on mushroom breeding have made greater progress. Transgenic engineering techniques applied on the medicinal mushroom breeding are a technological innovation on the molecular level. However, the selection and transgenic breeding are more objective and promising, and have made a lot of progress from theory to practice in the last 20 years. The breeding strategy of Lingzhi is summarized in Fig. 1 .
Artificial selection Artificial selection, also known as selective breeding, is a primitive breeding method, which uses artificial means to choose superior strains from nature, for biologically obtaining the new species and reproducing it selectively. The basic methods of artificial selection were the tissue separation and spore separation methods for obtaining the pure strain, followed by optimization of this strain, and then the required strain is obtained (Chen and Su 2008) . In fact, during the procedure of mushroom production, tissue separation method is often employed in getting the strain because Lingzhi spore is hard to germinate (Lin and Zhou 1999a) . Artificial selection is more commonly used in the breeding of other edible mushrooms than in Lingzhi.
Mutation breeding Mutation breeding is a new and more effective method compared to artificial selection method, which changes genes of the strains, and achieves genic recombination. A general procedure of mutation breeding involves the following steps: selection of original strain→ preparation of spore (or protoplast) suspension liquid→ viable count and mutagenizing→spreading plate for cultivation→picking up strain and inoculation→initial screening→slope culture→re-screening→selection of superior strain. The protoplast is usually chosen for mutation breeding (Li et al. 2001) , and the increased bioactive components, such as polysaccharides (Gao et al. 2008) , triterpenoids (Li et al. 2001) , and organic germanium (Dong et al. 2009) , are regarded as the breeding objectives. Mutation breeding could not only increase strain mutation rate through simple operation but also provide genetic markers for further crossbreeding and cell fusion breeding. However, it also has some disadvantages. For example, the mutation generation is random and the work on selecting the mutant is complicated, etc.
Cross-breeding Cross-breeding technology is the most widely used and effective breeding method in breeding the new species of edible or medicinal mushroom. The principle of cross-breeding is to achieve genetic recombination through haploid mating, and then strains from generation with parent's good traits are selected. After the 1980s, crossbreeding technology was widely used in the breeding researches of edible fungi in China and other Asian countries (Zhao and Chang 1993; Chiu et al. 2005) . The Lingzhi spores are difficult to germinate under artificial conditions, so the monokaryotic strains cannot be obtained, which is necessary for the breeding of the Lingzhi. As a result, the hybridization process of Lingzhi is restricted. Therefore, the protoplast monokaryogenesis method to obtain the new strain are used in practice (Wu et al. 2009a ). There have been some reports about artificial cross-breeding where most of them were selected using protoplast as materials (Chiu et al. 2005) .
Cell fusion breeding Cell fusion breeding is an important part of modern biotechnology and is also a significant leap on genetic breeding. In the fusion of cell protoplasts, the different genotypes of protoplasts from various organisms are fused with each other, which is induced by the fusion agent after breaking the cell wall. In that case, the fusions could make the cell genomes from different genus mix effectively, which produces a whole set of genetic exchange and restructures to generate a new individual . A common method of cell fusion engineering breeding involves the following procedure: selecting parent strain→ensuring genetic markers of parent strain→isolating protoplast from parent strain→regenerating and culturing protoplast→fusing protoplast→regenerating and culturing the fusion→detecting and selecting fusion. In the 1970s, this method has been widely applied in basidiomycetes breeding (Ferenczy et al. 1974) . At the beginning of the 1980s, it has been used in edible mushroom breeding in some Asian countries. Initially, most of the researches focused on isolation and preparation of Lingzhi protoplast (Choi et al. 1987; Li and Li 1999; Chen et al. 2007a, b) , and then it was gradually applied in breeding the new strains by fusing intragenus protoplast (Park et al. 1988) and intergeneric protoplast (Yoo et al. 2002) . Some researchers also successfully obtained the new variety of Lingzhi by protoplast monokaryogenesis method (Wu et al. 2009a ).
Genetic engineering breeding Genetic engineering is a technological innovation in the area of molecular biology. Using this technology, a DNA sequence from one species can be isolated and then transferred to another. Meanwhile, the good characters of donor strain can be expressed in host strain, which will become a high-production and goodquality strain. This novel breeding method provides a new breeding solution for edible or medicinal mushroom, especially for those limited by conventional breeding means. The general procedure of genetic engineering breeding is presented as follows: selecting donor strains→separating gene→genes reconstruction in vitro→transfer the gene into the recipient cell→reproduction and expression of recombinant DNA→selection of new individual. Transformation is the key to Lingzhi genetic engineering breeding. Up to now, six kinds of transformation methods have been applied for filamentous fungi, which includes protoplast-mediated Multi-site test, demonstration base, popularization and transformation Fig. 1 The breeding strategy of Ganoderma species transformation (PMT), agrobacterium-mediated transformation, electroporation, biolistic transformation, restriction enzyme-mediated integration (REMI), and lithium acetate, etc. (Zhou et al. 2010) . Most of these methods have successfully worked in breeding of Lingzhi (Park et al. 1991; Sun et al. 2001a; Kim et al. 2004a ). For example, Li et al. (2004) constructed fungal expression plasmid pAN7-1 (6.7 kb), which carried the promoters of hph (hygromycin phosphate dehydrogenase) gene from Escherichia coli and the gpd (glyceraldehyde-p-dehydrogenase) gene from Aspergillus nidulans. The plasmid could express hygromycin B resistance in fungal culture and achieve the transformation of Lingzhi protoplasts with 60% polyethylene glycol (PEG) 4000. So it provided a foundation for transforming Lingzhi protoplast by the PMT method (Li et al. 2004) . Kim et al. (2004a, b) reported the studies on genetic transformation and mutant isolation based on REMI technology in G. lucidum. They constructed a plasmid pJS205-1(6.5 kb) carrying the resistance gene of geneticin (geneticin, an aminoglycoside antibiotic) and phosphinothricin. After using restriction enzyme EcoRV, NotI, and XhoI, plasmid pJS205-1 was transformed into the Lingzhi protoplasts. Then a series of mutants were obtained and its preliminary identification on biochemical characteristics was observed (Kim et al. 2004a ). For example, Li and Chen (2002) used a Ti plasmid vector containing an exogenous gene to transform the exogenous gene into the fungus protoplasts and made it stably replicated and expressed (Li and Chen 2002) . Zhang et al. (2011) over-expressed rice OsUgp2 gene in Ganoderma sinensis and increased the content of intracellular and extracellular polysaccharide (EPS) in G. sinensis . In all, gene engineering techniques could contribute to the new vigor for using secondary engineering to breed Lingzhi.
Setting up the fingerprint of good quality species It is crucial for both growers and researchers to understand the features and qualities of the best strains. The choice of a proper strain can determine success or failure. Therefore, the analysis and evaluation of the strain qualities have always been the focus of the producer and researcher of medicinal mushroom. Up to now, in China, the evaluated content of medicinal mushroom (including Lingzhi) includes six major indices of determinations and assays, which are the appearance of mycelia or strains, microorganism examination, microbe testing, determination of the growing speed, the esterase isozyme analysis, and the cultivated character. The abovementioned cultivated character includes the shape of fruit bodies, mycelia growing speed, vegetative stage (and reproductive stages), yield, etc.
The existing knowledge and technique for identification of strain qualities are based on the cultivation test, determination, and assay of agronomic traits in the course of cultivation. In the developed countries and developing countries, the effects of mushroom breeding rely on the amount of cultivation test for verification. In any case, from the viewpoint of the study level of mushroom genetics, the method of DNA special analysis cannot be applied directly to explain and decide on the detection of strain quality and other problems relative to the strain quality (Zhang et al. 2005a, b (Xing et al. 2004; Huang et al. 2004a, b; Zhang et al. 2009; Chen et al. 2010a, b; Dejaegher and Heyden 2010) . With the development of molecular biology technology, DNA fingerprint technology was firstly introduced to fungi to research genetic diversity related to the genus, species, strain, etc. (Anderson et al. 1987; Hwang and Kim 1995) . Subsequently, it was introduced to variety identification and authentication in Lingzhi (Hseu et al. 1996; Shi et al. 2008; Wu et al. 2009b; ). Some scholars tried to use the function gene such as FIPs to identify Lingzhi (Zhou et al. 2008b) . However, there are many different opinions about how to build an effective fingerprint (Gottlieb et al. 2000; Zhou et al. 2005 ). The total strategies are shown in Fig. 2 . DNA fingerprint has two main purposes: identification of the TCM authenticity and analysis of the TCM quality. The DNA molecular marker technology, which DNA fingerprint depends on, can be divided into three groups: (1) restriction fragment length polymorphism (RFLP) and other technologies, in which the core is based on the electrophoretic techniques and molecular hybridization techniques (Tanksley et al. 1989; Deragon and Landry 1992) ; (2) DNA fingerprints and DNA sequencing technology such as random amplified polymorphic DNA (RAPD) (Bardakci 2001) , simple sequence repeats (SSR), arbitrarily primed polymerase chain reaction (AP-PCR), etc., which depend on the electrophoretic techniques and PCR techniques; and (3) amplified fragment length polymorphism (AFLP) (Vos et al. 1995) , sequence characterized amplified regions (SCAR), direct amplification of length polymorphism (DALP), RFLP-PCR, RAPD-PCR, and the latest gene chip diagnostic technique, which combine the two abovementioned techniques. Of course, all kinds of molecular marker methods have its advantages and disadvantages (Jones et al. 1997) . Any kind of marker technologies cannot overall analyze all the medicinal materials. The selection of methods must lie on the actual need, different features, and advantages of the molecular marking techniques. However, the fingerprint techniques are better or advanced, but not exact. When selecting the specific technologies, the popularity of the technology and the cost of samples analysis also should be taken into consideration (Wu et al. 2009b; Zhou et al. 2006; Blundeoll 2006; Urbanelli et al. 2007 ).
Cultivation procedures
The methods of Lingzhi cultivation can be divided into two major types, including liquid-state cultivation (LSC) and solid-state cultivation (SSC). The SSC also can be divided into two methods based on the used raw materials, which are called as the log (or basswood) cultivation and substituted cultivation. At the beginning of the artificial cultivation of this valuable medicinal mushroom, only four species was used for trials, which included G. lucidum (Leyss. Ex. Fr.) Karst, G. lucidum (Leyss. Ex. Fr) Karst vat., G. japonicum (Fr.) Lloyd, and G. capense (Lloyd) Teng (Zhou and Lin 1999) . Through more than 40 years of development, the cultivation techniques have achieved significant progress. Currently, the various methods are widely used for commercial production (Hou and Liao 2009; Zhou et al. 2010) .
Artificial cultivation of Lingzhi fruit bodies It is necessary to meet the requirement of Lingzhi fruit body growth, which includes the nutrients components and the environmental conditions. Meanwhile, we must also master the culture methods.
The nutrition conditions of Lingzhi growth mainly include carbon resources and nitrogen resources, together with inorganic salts and growing factors. The Lingzhi growth generally uses organic carbon resources such as sugar, starch, cellulose, hemicelluloses, and lignin. The glucose and sucrose are usually used in culture of mycelia, the sawdust of broad-leaved tree (Jiang 2001; Xia et al. 2003; Liao and Xiao 2006) , and the agricultural by-products, such as cotton seed husk, straw, and corn cob, in cultivation of fruit bodies (Wei et al. 2005; Yan 2000) . Some small molecular weight compounds, such as amino acid, urea, nitrogen, etc., can be utilized by Lingzhi mycelia. During the process of Lingzhi cultivation, yeast powder and peptone are usually added in the media of culturing mycelia, while wheat bran, corn powder, coarse powders of rice bran, ammonium sulfate, urea, etc. are used in the media of culturing fruit bodies. When the rate of carbon to nitrogen is 15-45:1 in the substrate, the Lingzhi mycelia may grow well. The appropriate rate of carbon to nitrogen on the substrate for cultivation of fruit bodies is 30-40:1 (Lin and Zhou 1999b; Han et al. 2003; Wu et al. 2008) .
Besides carbon and nitrogen resources, Lingzhi growth also needs inorganic salts and other inorganic elements, including kalium, natrium, calcium, magnesium, phosphorus, sulfur, zinc, etc. Among them, phosphorus, kalium, and magnesium are the three main nutrition elements. Their Zhou et al. 2006) appropriate concentration in the media is 100-150 mg/L. Although some of the elements have existed in the raw materials, the substrates are still added the CaSO 4 , KH 2 PO 4 , and MgSO 4 , especially the amount of usage CaSO 4 is at most up to 1% of total substrate weight. It is a significant reason that calcium sulfate may adjust the pH value of substrate, change the substrate porosity, increase the air flow, fix the nitrogen, and enhance the mounts of calcium and sulfur elements. In the development process of Lingzhi, the growth factors are the necessary components, including vitamin B 1 , B 6 , and biotin, which are related to Lingzhi metabolism. Because of these growth factors existing in the natural substrates, they do not necessarily need to be added into the substrates. In addition, clean well water should be used in large-scale cultivation of Lingzhi. It is necessary that the water is not contaminated with undesirable pollutants. The appropriate content of water should be 65-70% (Zhou and Lin 1999; Han et al. 2003) .
Lingzhi is found more frequently in subtropical regions than in the temperate zones. It is an annual mushroom, growing on a wide variety of dead and dying trees. The growth parameters (Lin 1996; Chang and Miles 2004) are summarized mainly to include four aspects: temperature, humidity, air, and light. Firstly, temperature for mycelia growth ranges from 15 to 35°C and the optimum temperature is 25 to 30°C; for primordial initiation, it ranges from 18 to 25°C; and for fruiting body development, the range is from 24 to 28°C. Under the condition of 20°C or lower, the fruit body would become yellow and stops growing. In the procedure of fruit body development, it is actually not necessary to be stimulated with temperature difference. The higher temperature differences easily cause macrocephalic Lingzhi. Secondly, humidity is a term for the amount of water vapor in the air or in the substrates. During the process of Lingzhi cultivation, the water content in substrates should be maintained at 60% to 65% level. Relative humidity for the mycelial running is within 60% to 70% level, the primordial initiation is within 85% to 90% level, and the fruit body development is with 85% to 95% humidity level in the environmental air. Finally, in the different development periods, Lingzhi have the different requirements on the rate of oxygen and carbon dioxide. Lingzhi mycelial running do not need oxygen. But during the fructification period, good ventilation is necessary. When the concentration of CO 2 is below 0.1%, the fruit body would be abnormally developed. When the concentration of CO 2 is above 0.1%, the fruit body would be normally developed.
Similar to other mushrooms, Lingzhi do not require the various types and amount of light to grow. Because of the light for Lingzhi mycelial running having an inhibiting effect, colonizing substrate should be kept under dark conditions to make sure the substrate does not pin prematurely. During primordia initiation of Lingzhi growth, the light level is required at 500 to 1,000 lx; for fruit body development, it is at 3,000 to 50,000 lx. At the condition of light level about 3,000-10,000 lx, the stip and cap (pileus) shape are normal. The optimum light level is at 15,000 to 50,000 lx. The optimum pH value for mycelial running is 5.0 to 5.5 (Zhou and Lin 1999; Hou and Liao 2009) .
Artificial cultivation of Lingzhi has a history of more than 40 years. Many methods of cultivating Lingzhi derive from the name of cultivation raw materials (log cultivation, sawdust cultivation, substituted cultivation, etc.), the packaging forms of raw materials (bag or bottle), or cultivation location (outdoor cultivation, indoor cultivation, bionics wild cultivation, etc.). For example, based on the cultivation raw materials, basswood cultivation technology is actually designed to culture mushroom using basswood as raw materials . The substituted cultivation technology was defined as using the sawdust of hardwood, cotton seed husk, or foot materials of farm crops to cultivate mushroom . The word "cultivation technology" may mean different things, in different people and countries. However, regarding the choice of what kind of method or raw materials to use, the production of the basic process is roughly the same. Similarly, as to other cultivated edible mushrooms, the process for producing Lingzhi fruiting bodies can be divided into two major stages. The first stage is the preparation of various raw materials, which involves the selection of mother spawn, cultivation method, and cultivation relative to materials. The second stage is the performance of cultivation, including the planting spawn, stock culture, fruiting culture, and utilization of the growth substrates for mushroom production. Currently, the methods adopted for commercial production shows a variety of forms, which mainly include the wood log, short basswood segment, tree stump, sawdust bag, and bottle procedures (Mayzumi et al. 1997; Lin and Zhou 1999a; Erkel 2009; Chen 1999; Han et al. 2008) .
Because some methods are not beneficial for the protection of the ecological system, Lingzhi cultivation using wood log is not adopted in production practice. Here, we only restate the basic procedure related to substituted cultivation. In the research of substituted cultivation of Lingzhi, the research content often focuses on the following aspects: selection of substrate and its formulation, cultivation models (bag or bottle, inside or outside), sterilization and inoculation, cultivation and administration of mycelia, and administration of the stage of fruit body development. Briefly, spawn is transferred onto a sterile solid-state substrate, which frequently consists of a mixture of hardwood sawdust, wheat bran, and other supplemental substances, and is incubated under dark conditions until colonization of substrate is achieved. After this, incubation under the weak light condition and at increased oxygen level is carried out to develop the primordial initiation. Once the desired primordial initiation is achieved, the conditions are again altered to aid in the fruiting body development (shown in Fig. 3 ). The entire growth of Lingzhi from spawn running to cropping in artificial cultivation is different from the method of cultivation used. In general, it should take on average approximately 90-150 days.
It directly affects the Lingzhi product's quality to administer the development process of fruit body. In the overview of previous publications, the cultivation procedures were roughly the same; the difference was only diverse from different cultivation methods or raw materials (Chen 1999; Chi 2005; Erkel 2009; Hossain et al. 2009; Xiao et al. 2010 ). Up to now, in the Lingzhi production practice in China, the preparation of substrate, including substrate formulations, making the synthetic logs in bag cultivation and substrate sterilization etc., have appeared in the textbook of some vocational schools or popular science books (Zhang 1998; . Meanwhile, the cultivation processes of Lingzhi have also been described in these books. Such questions regarding the crucial stages in Lingzhi cultivation, how to speed up the spawn running, how to control the environmental factors, and how to produce Lingzhi with caps have been introduced in various media, including magazines, popular science books, DVD video, TV etc. Growers will benefit from concentrating on the step-by-step instruction on how to cultivate it.
Artificial cultivation of Lingzhi mycelia Both the liquidstate fermentation and solid-state fermentation are popular for the production of Lingzhi mycelia.
Liquid-state (submerged) fermentation of Lingzhi mycelia Liquid-state fermentation (LSF) of mushroom, also known as liquid culture or submerged fermentation, is a process of culturing microorganism in liquid media, but not on the surface of liquid media. Preparation of mushroom mycelium in submerged culture was initially developed during the 1970s. At that time, only lower fungi (fungi that are not from basidiocarps) were successfully cultured in fermentors for economical production of various natural products (Yang and Liau 1998) . The main principle is that the liquid medium is added to the fermentation tank or flask. When sterile air is led to reactor, it will increase the dissolved oxygen content in the medium to improve respiratory metabolism of the mushroom mycelium. At the same time, the mushroom mycelium is agitated or oscillated, and appropriate external conditions are controlled so that mushroom cells grow in the liquid depths of breeding, producing a lot of the mycelium or metabolites. Another review indicated that there were few investigations into the development of high fungi (basidiomycetes) bioprocesses (Fang and Zhong 2002a, b) .
Compared with the artificial cultivation of Lingzhi fruit bodies, LSF holds obvious advantages. Firstly, the advantage of LSF over the traditional, multinational cultivation of fruit body is the reduction in the time spent to obtain the product of interest (Mshandete and Mgonja 2009 ). The production of fruit bodies takes at least 3-5 months, while reasonable amounts of ganoderic acids (GAs) and polysaccharides can be obtained by submerged fermentation after 3-5 weeks only (Wagner et al. 2003) . Secondly, the mycelium grown in LSF holds high stability and standardization in which the environmental conditions (temperature, dissolved oxygen, pH, etc.) are easier to control. This is important not only for producing the desired product but also might be beneficial for producing mushroom-based medicines and nutraceuticals. The products obtained by this method are easy to achieve, with higher quality standards and safety (Wasser and Weis 1999) . Thirdly, advantage of mycelia culturing in LSF is to provide a new method for scalable production and increased yields of biologically active compounds. By LSF method, the producer can increase the yield of protein rich in essential amino acids and vitamins serving as functional foods compared with the yield of these components in carpophores of the standard fruiting basidiomycetes (Friel and McLoughlin 2000) . Thus, production of fungus metabolites through LSF method has received a lot of attention because of short time cultivation, high productivity, fewer chances of contamination, and easy recovery of producing metabolites (Huang and Liu 2008; Kim et al. 2007) .
In general, the methods of artificial cultivation typically in liquid media involve five stages: (1) selection of Lingzhi strain; (2) preparation of culture maintenance medium for different culture phases; (3) inoculation; (4) cultivation of Fig. 3 The developmental process of Lingzhi fruit body strain in Erlenmeyer flasks, seeding tank, and fermentor, respectively; and (5) harvest of Lingzhi production. In the process of Lingzhi mycelia LSF, it is very important to select and control the appropriate fermentation conditions, such as strain, amount of inoculation, temperature, pH, air flow, stirring rate, etc. The determination of the indices of the filamentous morphology, concentration, nutrients consumption, and the outward appearance and viscosity of broth could be used as the final quality standard of control fermentation (Zhao 2002; Sánchez 2004; Wang et al. 2007a, b, c) .
However, a multi-objective analysis and research was presented in the previous study of the Lingzhi LSF. Some aimed simply to produce biomass, with no concern for its composition. Others aimed to maximize the production of either GAs or polysaccharides, and to understand how different variables affect their production. Among these studies, many researchers studied Lingzhi LSF to obtain substances and special metabolic products (food, medicine or industrial enzyme, etc.) (Fang and Zhong 2002a; Yang 2005; Songulashvili et al. 2007 ). Also, other researchers focused on the parameters in Lingzhi LSF including culture media (Sun et al. 2000) , initial pH (Fang and Zhong 2002b) , culture times and temperature, etc. (Wei et al. 2007a, b; Xia et al. 2007; Zhang et al. 2008a, b; Liang 2011 ). In summary, in the process of culturing Lingzhi by LSF method, the suitable carbon and nitrogen resources are corn flour and soybean meal with concentrations of 3% and 2.5%, respectively. The optimum cultivation conditions were as follows: initial pH 4.5-5.0, rotation speeds 120-150 rpm, 100-120 mL medium/ 500 mL Erlenmeyer flask at 25°C. When the diameter of mycelium pellet was 0.85-0.9 mm in the process of culturing with Erlenmeyer flask, the biomass of Lingzhi mycelia is the highest (Dong et al. 2004; Zhu et al. 2009 ).
In spite of having achieved significant progress in Lingzhi LSF, the applications of LSF techniques have an interval to industrialization production. In other words, the successful example in large-scale culture Lingzhi by LSF is extraordinary. In the previous review articles, the researchers greatly summarized the published data on submerged fermentation with Lingzhi (Wagner et al. 2003; Sanodiya et al. 2009 ). In this review article, only one report of a large-scale fermentation was described in which Ganoderma tsugae was cultivated in tanks with a volume of 20 m 3 . All other reported studies of LSF with Lingzhi were done only in volumes of 10 L or less. By estimating results generally, half the studies were undertaken in Erlenmeyer flasks and others were in fermentors. However, the best yields reported to date are 22.1 g/L for biomass, 1.71 g/ L for EPS, 2.49 g/L for intercellular polysaccharides (IPS), and 582 mg/L for GA. In recent years, Chinese scientists have reported that they produced G. lucidum 730 mycelia in a 500-L automatic stainless steel fermentor. The results showed that after a fermentation time of 70 h, there was no obvious germination and lock-like concentration on the mycelia wall. There was a little mycelium dissolved with no other bacteria. The consistence of G. lucidum clump is about 30%. EPS and IPS is 3.5 g/L and 4.8 g/L, respectively (Wei et al. 2007a, b) . Other reported studies of fermentation with G. lucidum were carried out in volumes of 10 m 3 with the fermentation liquid 7.5 m 3 , the average production cycle 150 h, and pH reduced from 6.5 to 3.5. The results showed that after the mycelia fermented, the average weight of dry powders in every fermentor is 66.1 kg by spray drying, the average recovery 8.76 kg/ m 3 , the content of pure polysaccharide 68.5 g/kg in the dry powders, and the weight of the pure polysaccharide 4.225 kg in every fermentor (Hu 2006) .
In addition, the cost-benefit ratio of liquid culture and solid culture technologies for spawn production were investigated by some researchers. The results demonstrated that liquid culture technology for spawn production is obviously more advantageous, which is reflected in better spawn quality, reduction of contamination, increased efficiency, reduction of cost, and increased production stability. For this technology to be broadly used, it is key to improve the incubator shakers, fermentation tanks, and inoculation equipment. Efforts to facilitate researches according to the demand of a dynamic market would promote the application of this technology in the fast-growing mushroom spawn production industry (Guo and Liu 2011) . Based on the character of Lingzhi mycelium having bio-enrichment of mineral nutrition, some researchers also focused their interest on the accumulation of some minerals by submerged fermentation, which include the seleniumenriched Lingzhi (Xie et al. 1996; Shen and Yu 2008; Ling et al. 2008) , the calcium-enriched Lingzhi (Gao et al. 2007 ), the zinc-enriched Lingzhi Wei et al. 2010) , the iron-enriched Lingzhi (Miao and Lv 2007), and so on. The abovementioned studies provide a foundation of development of functional food using mineral nutrition enrichment Lingzhi as raw materials (Wang et al. 2001; Mao and Ma 2009 ).
Solid-state fermentation of Lingzhi mycelia In contrast to LSF, solid-state fermentation (SSF), also known as SSC, is the cultivation of microorganisms under controlled conditions in the absence of free water. The production examples of SSF include the industrial enzymes (Wu et al. 2000) , biofuels, biopesticide and nutrient-enriched animal feeds, etc. (Habijanic and Berovic 2000; Sun et al. 2007; Chen et al. 2010b) . In recent years, the SSC of mycelia has led to a wide range of applications at the laboratory scale because information from SSC can be applied to more commonly used liquid-state cultivation (Maldonado and Strasser de Saad 1998; Mahapatra and Banerjee 2009) . SSC has also been frequently utilized in preliminary tests for cultivating microorganisms under experimental conditions because it requires less time and labor than LSF.
Though there is very little information about the production of Lingzhi in SSF, it is not difficult to find some basic researches under experimental conditions, such as substrate components, pH, and temperature, etc. Among these studies, the most praiseworthy work is an experiment conducted by Habijanic and Berovic. They carried out the Lingzhi fermentation in a horizontal stirred tank reactor with a total volume of 30 L with suitable conditions (Habijanic and Berovic 2000) . Their eminent work showed a positive aspect for satisfactory rates of growth and exopolysaccharide production by favorable conditions. In their study, the substrate consisted of beech sawdust, olive oil, (NH 4 ) 2 SO 4 , KH 2 PO 4 , CaCl 2 ·2H 2 O, MgSO 4 ·7H 2 O, FeSO 4 ·7H 2 O, and distilled water, which provide the optimal substrates for the production of immunostimulatory animal feed supplements because the whole fermented substrate is used as the product. In other previous reports, Hsieh and Yang (2004) used soy residue for the Lingzhi SSF. In their experiment, the SSF was conducted in three types of containers: test tube, 500-mL flask, and sterilizable polypropylene plastic bag. The highest rate of mycelial growth of 6 mm/day was observed in the medium of carbon/nitrogen (C/N) ratio of 80 using test tubes. However, a growth rate of 7.5 mm/ day was found at the C/N ratio of 70-80 in the 500-mL flasks (Hsieh and Yang 2004) . Tea waste (TW) is used as a new supplement for substrate mixtures in Lingzhi cultivation. Peksen and Yakupoglu determined the effects of sawdust (S)-based substrates supplemented with TW at the various levels (75S:25TW, 80S:20TW, 85S:15TW, and 90S:10TW) and G. lucidum strains on the yield, biological efficiency (BE), and the chemical composition of fruiting bodies in SSF. The result showed that the significant differences were found among substrates regarding yield and BE, while yield and BE of the strains were not different (Peksen and Yakupoglu 2009) .
The combination of modern biotechnology and traditional fermentation technology of Chinese materia medica (CMM) provides a broad space for the rapid development of fermentation technology of CMM. It is interesting that a new type of fermentation technique, known as the bidirectional SSF technology, has emerged in China after the 1990s. Along with the theoretical and technical development of the engineering science, it was considered as the new turning point of modern biological technology and the new channel of the new drug R & D of TCM (Zhuang et al. 2007) . Based on inventor's opinion, the bidirectional SSF has two characteristics. The used nutrient substance contains the medicinal herbs with multiple active compositions, instead of the one that consists of only farming byproducts. The products formed by this technique are fungous substance containing herbs which was produced by a medicinal fungous substance (Zhuang 1991 (Zhuang , 1995 (Zhuang , 2002 Zhuang et al. 2007) .What is the medicinal fungi bidirectional SSF technology? The key of this technology is that the medicinal mushroom strains are cultured in the special substrate, which consisted of CMM or medicine slag as medicinal substrate instead of the traditional nutritious substrate cultured. The fermentation products are known as the medicinal fungal substance. In the fermentation process, while the medicinal substrate provided nutrients for fungal growth, it was also affected by the enzyme produced from fungi. Hence, the tissues and components of this medicinal substrate would be changed and produce new functional components, so the biochemical process of medicinal fungi and herbs in fermentation substrate hold "bidirectional", which present the perfect combination with medicinal fungi and CMM (Zhang et al. 2005a, b; Zhuang and Hong 2006; Zhuang et al. 2004) .
Since the invention of the technique, Lingzhi is the most preferred species to study by Chinese scientists. For example, based on the purpose of drug research and development, Chen and Chen reported their research results. In their experiment, SSF was applied for medicinal fungi by fermenting G. lucidum with Radix astragali containing medium. G. lucidum was fermented in ordinary medium, CMMcontaining medium (containing Radix astragali), and selenium-rich CMM-containing medium, respectively. The polysaccharide contents of fermentation products from the three kinds of culture media were investigated at different times, and the changes were compared. The results showed that the polysaccharide contents of fermentation products from the three kinds of culture media were 4.65%, 3.76%, and 4.50%, respectively, and their relative standard deviation were 1.61%, 1.99%, and 1.86%, respectively. By observing the changes of the contents of polysaccharide, protein, and total saponin in fermentation products from the CMMcontaining medium at different times, it was found that the 28th fermentation day was the time when secondary metabolism was the most active, and it should be the fermented terminal point . For the same purpose, many combinations of Lingzhi and other medicinal herbs, such as Lingzhi with Astragalus membranaceu (Huang qi) , Radix glycyrrhizaze (Gan cao) (Zhu et al. 2009 ), and Radix astragali (also called as Huang qi in Chinese) (He 2010) , etc., containing medium have been investigated in the SSF (Gu et al. 2005) .
In other reports, based on the purpose of functional food research and development, Lingzhi production by SSF using corn substrate was investigated, and the fermentation conditions were optimized through single factor and orthogonal tests. Meanwhile, the content of polysaccharide reducing sugar, protein, and amino acid was determined. The results showed that the size of crushed granule, strain, time, temperature, and inoculum size had a significant effect on the content of polysaccharide, reducing sugar, protein, and amino acid. The optimum fermentation conditions were 10 mesh granularity, 12% inoculum size, 28°C fermentation temperature, and 20-day fermentation time. The content of polysaccharide was 21.97 mg/ g under the optimized cultivation conditions (Gao 2007 ). In addition, more than ten beans as substrate supplements were applied for SSF of Lingzhi. These researches provided a foundation for further development of health food (Zhang et al. 2006; Wei et al. 2009; You 2009 ). In addition, Lingzhi (mushroom) cultivation can also help to convert agricultural and forest wastes into useful matter and reduce pollution in the environment.
Development of Ganoderma-based products
There has been a recent upsurge of interest in Lingzhi, which is not only a health food rich in polysaccharides and triterpenoids but also a source of biologically active compounds of medicinal value. Many of Lingzhi or its extracts may be processed as the complementary medicine/ dietary supplements (DSs) for anti-cancer, anti-viral, immunopotentiating, hypocholesterolemic, and hepatoprotective agents (Paterson 2006; Zheng 2011) . The bioactive compounds are extractable from either the Lingzhi mycelium or fruiting body and represent important components of the expanding Lingzhi biotechnology industry.
Extraction and purification of bioactive components Lingzhi contains numerous bioactive components, such as polysaccharides, ergosterols, various proteins, unsaturated fatty acids, vitamins, and minerals (Zhou et al. 2007a, b) . In previous publications, numerous studies all focused on the following three kinds of biactiove components, i.e., polysaccharides, triterpenoids, and functional proteins.
Polysaccharides Lingzhi polysaccharide is one type of bioactive components isolated from Lingzhi and has a wide range of physicochemical properties. The bioactive polysaccharides (including protein/peptide bound polysaccharides) as pharmaceuticals have a long history and have received considerable attention in recent years. Importantly, previous research reports discovered that the water-soluble polysaccharides from Lingzhi characterized more than 20 types and strongly inhibited tumor growth (Zhou et al. 2007a ). The major biologically active polysaccharides from Lingzhi are glucans, whose basic structure is β-1-3 D-glucopyronan with 1 to 15 U of β-1-6 monoglucosyl side chains and with (1→3)-β, (1→4)-β, and/or (1→6)-β linkages. The bioactive polysaccharides differ greatly in their composition and consequently in chemical structure, and one common feature is their relatively high molecular weight which has an average molecular weight of 10 4-6 Da (Huie and Di 2004; Chang and Lu 2004; ).
The basic extraction methods for Lingzhi polysaccharides are the water extract-alcohol precipitation method. So many researches focused their attention on some parameters related to extraction such as extraction of temperature, time, and rate of raw materials to water ). However, the water extraction-alcohol precipitation methods have some disadvantages, such as long extraction time, low extraction rate, high extraction temperature, etc., and so previous researchers have done a lot of work on comparing the different extracting methods. Based on different cell-wall broken methods, the extraction methods can be divided into three ways: ultrasonic extraction method , microwave extraction methods, and enzymatic method (Zhu et al. 2004; Lu 2009; Huang and Ning 2010) . A previous review article presented a standard methodology involved in the extraction of Lingzhi polysaccharide (Huie and Di 2004) . Actually, this is one of the extraction methods of water-insoluble polysaccharides from "Lingzhi". This method is based on the attack of the enzyme on the polysaccharide substrates, composed of cellulose and lignin. For information, it has been reported that enzyme hydrolysis reaction could be enhanced by ultrasonic waves.
Triterpenoids/triterpenes Other main bioactive components from Lingzhi are triterpenoids/triterpenes of which pharmacological effects have been demonstrated that are well known as antioxidative, immunomodulating and antitumor, etc. Major triterpenoids isolated from Lingzhi are different types of GA. There are dozens of GAs that have been isolated and characterized. Among them, GA-A, GA-B, and GA-C are the best representatives. The bitterness of Lingzhi mainly originated from GAs. Now, there are more than 130 oxygenated triterpenes (mostly lanostane-type triterpenes) that have been isolated from the fruiting bodies, spores, mycelia, and broths. The basic chemical structure is based on the ground structure of lanosterol, which is an important intermediate in the biosynthetic for steroid and triterpene in microorganisms and animals (Chang and Buswell 1999) . According to the number of carbon atoms and the structural and functional groups, various triterpenes could be divided into three groups: C30, C27, and C24 compounds (Huie and Di 2004; Luo and Lin 2002) . They have been demonstrated as GAs R, T, U, V, W, X, Y, and Z; lucidimol A and B; ganodermanondiol; ganoderiol F, etc. Importantly, many of them may also be a potential useful chemotherapeutical agent due to their biological activity which has been exhibited against actively growing tumors in vitro (Sliva 2003; Tang et al. 2006a, b; Zhang et al. 2008a, b) . Up to 2010, a report presented that 43 triterpenoids was isolated from Lingzhi, and six of them are hitherto unknown. All of the compounds were assayed for their inhibitory activities against human HeLa cervical cancer cell lines .
The different extraction methods of Lingzhi triterpenes mainly include (1) extraction with methanol or ethanol as the solvent, followed by direct separation of the extracts; (2) extraction by methanol or ethanol, followed by separation of the total acid portion by alkali treatment and separation of Lingzhi triterpene; and (3) extraction of the total acid portion by ether, followed by diazomethane methylation and then separation. Extraction of Lingzhi triterpene using ethanol is the easiest approach to maintain the activity of the extracts and to scale up its production (Gao et al. 2011 ). In addition, in order to enhance the rate of extraction of triterpenes and shorten the extraction time, the ultrasonic technique was often used for treatment of raw materials (fruit body or spore) in the production, which would destroy the dense structure of Lingzhi cells. After the abovementioned treatment, the Lingzhi triterpene was extracted by employing solvent (Huang et al. 2005) .
The extraction and separation of triterpene components from Lingzhi have been reported in several studies. Ma et al. (2003) analyzed four medicinal triterpene components (ganosporeic acid A, lucidenic acid A, GA-B, GA-C) in the Lingzhi fruiting body of different origins by high performance liquid chromatography (HPLC) (Ma et al. 2003) . Another report showed that they obtained three types of triterpenes through separation and purification from the Ganoderma fruiting body by chromatographic extraction, and the structures of the separated products were analyzed using ultraviolet-visible spectrophotometry (UV-vis), electrospray ionization (ESI), and proton nuclear magnetic resonance ( 1 H NMR) spectroscopy (Ma 2008 ). Gu and his colleagues extracted the Lingzhi triterpene from the dry cells by means of solvent extraction within 14 days, and the maximum concentration of Lingzhi triterpene was 2.7 mg/100 mg (dry cells). When using 5% NaHCO 3 solution as solvent, under the condition of ultrasonic treatment at 3 h, the concentration of Lingzhi triterpene was 2.63 mg/ 100 mg (dry cells). It reached 97% of maximum concentration of Lingzhi triterpene (Gu 2002) . Huang et al. (2004a, b) added a step of ultrasonic treatment in the process of extraction of Lingzhi triterpene based on traditional extraction methods; meanwhile, the amount of solvent was reduced, the extraction time was shortened, and the extraction rate of Lingzhi triterpene also increased to 40% (Huang et al. 2004a, b) .
In recent years, the supercritical CO 2 extraction technology has been widely used in several food and pharmaceutical processing applications. Its characters with green and safety make it a desirable option compared with traditional organic solvent extractions. Traditional processing procedures often require additional steps, such as distillation, solvent extraction and maceration, etc. They are usually inferior to supercritical fluid extraction with respect to selectivity. Because the physical and chemical properties of carbon dioxide are safe, non-toxic, non-combustible, and is inexpensive with low critical temperature and pressure (31°C, 1.38 MPa), the supercritical carbon dioxide to extract natural compounds from raw materials soon became popular for producing the nutraceuticals and functional foods and application in the pharmaceutical industry (Boumghar et al. 2009 ). The application methods for extraction of triterpene from Lingzhi fruit body were emergent in 2001 (Hsu et al. 2001 ), but the Chinese scientists are superior to researchers from other countries. For example, in 1998, Ma et al. (1998) studied impact factors of using supercritical CO 2 extraction technology for extraction of the total triterpenoids from G. lucidum fruit body. Their experimental results showed that the better process parameters are extraction temperature 55°C, methyl alcohol 10% (v/v), filling density of extractant 0.40 g/mL (it is 0.80 g/mL without methyl alcohol), equilibrium time 3 min, and fluid flow rate 3.5 mL/min (Ma et al. 1998) . Yang et al. (2008) studied and optimized the process conditions of the supercritical CO 2 extraction of the total triterpenoids of G. lucidum by response surface methods. The results showed that optimization of extraction conditions were: extraction pressure 30 MPa, extraction temperature 51°C, and entrainment dosage of 2.2 mL/g . These studies provided a theoretical foundation for further extraction of bioactive components from Lingzhi fruit body by supercritical CO 2 extraction technology. Up to now, many departments can use the technology to extract triterpenoid from Lingzhi. Chinese Academy of Sciences has extracted the triterpenoid from Lingzhi spore powder, named as "Lingzhi spore oil", where the amount of extraction is superior to 20%. The large-scale productions of Lingzhi triterpene products have been successfully achieved.
Proteins/peptides Except for Lingzhi polysaccharides and triterpenoids, Lingzhi also contains a large number of proteins and peptides with interesting biological activities, such as lectins, FIPs, ribosome inactivating proteins (RIP), antimicrobial proteins, ribonucleases, and laccases. They are not only important for life activity but also possess special immunogenicity so they showed immunomodulatory and anti-tumor effects (Zhou et al. 2007a, b; Xu et al. 2011) . Among these proteins, many researches paid more attention to the FIPs which play important roles in anti-tumor activities, anti-allergy activities, promoting proliferation of lymphocytes, inducing the expression of cytokines, and antitransplant rejection activities (Zhou et al. 2007a, b; Sun and Wang 2009; Li et al. 2011a, b) . Since the first FIP was isolated and purified in 1989 (Kino et al. 1989 ), up to now, seven FIPs have been identified, i.e., LZ-8 or FIP-glu (from G. lucidum), FIP-gts (G. tsugae), FIP-fve (Flammulina velutipes), FIP-vvo (Volvariella volvacea), FIP-gja (GenBank accession no. AY987805, G. japoncium), FIPgmi (G. microsporum), and FIP-gsi (G. sinense) (Li et al. 2011a, b) .
FIP, one molecule of which weighs approximately 13 kDa, is composed of 110 to 114 amino acids, but it lacks His, Cys, and Met while it is rich in Asp and Val. In the Nterminal, the amino acid was acetylated. The original studies have demonstrated that the LZ-8 (FIP-glu) contained the carbohydrate in a low level (about 1.3%) (Kino et al. 1989 ). Subsequently, the other three FIPs (FIP-fve, FIPvvo, and FIP-gts) were isolated and identified, respectively, and their physical and chemical characteristics presented that these proteins were the pure protein without carbohydrate. All of them have great similarity with immunoglobulin super family in the aspects of structure and function, and they have many pharmaceutical activities such as anti-tumor and anti-allergy, stimulating immune cells to produce a variety of cytokines (Li et al. 2011a, b) . All of these promise a good clinical application prospect and the value of medicinal care.
Because the lower content of FIPs exists in Lingzhi, which becomes the key restrictive factors for developing and utilizing FIPs, how to get an amount of protein has become the major concern. With the development of the molecular biology and bioengineering technology, the utilization of engineering strain for the industrial production of medicinal proteins has been made possible. Therefore, scientists worldwide focused their interests on utilization of genetic engineering technology to develop FIP products, such as cloning the FIP genes (Murasugi et al. 1991; Lin et al. 1997; Ko et al. 1997; Tsai 2007; Zhou et al. 2009 ), expression of the genes in prokaryotic and eukaryotic cells Bai et al. 2006; Li et al. 2009; Xu 2009; Li et al. 2010a, b; Li et al. 2011b) , and how to enhance the bioactivities of FIPs (Ko et al. 2009; Lin 2009a, b; Zhou et al. 2011a, b) .
Along with the fast development of urban industrialization and aggravation of environmental pollution, a variety of new diseases, especially those caused by virus, have been emergent, such as the severe acute respiratory syndrome (SARS), avian influenza, H1N1 influenza virus, etc., which seriously threaten our health and even life. Though we could prevent some diseases by means of vaccines, the development of vaccine does not always catch up with the speed of virus mutation. Therefore, the most fundamental way is to improve the human body's immune system. Furthermore, biotechnology gives a chance and challenge to the study of fungal immunomodulatory proteins.
Quality control of Ganoderma-based product The quality control of Lingzhi is a complicated and continuous process used to maintain standards in products in services. A good quality control system of Lingzhi production includes the selection of strain, cultivation, harvest, processing, packaging, and transportation. Thus, the quality control of Lingzhi must begin to carry out from the cultivation, and the determining techniques and performance standards of each section are fundamental for the quality control of Lingzhi products.
Firstly, we should establish a standard production technology system of Lingzhi raw materials. After large-scale cultivation of Lingzhi had been performed, the standard production technology system was set up gradually, which was divided into two stages or two cultivation patterns.
The first stage of cultivation pattern was to culture the Lingzhi under a big awning from 1988 to 1990. The raw materials for the cultivation of Lingzhi are mainly short basswood. At that time, 10,100 stere (m 3 ) short basswood were used for testing to culture Lingzhi in Fujian (China); the Lingzhi yields reached 25-30 kg per stere short basswood. The pileus (caps) of over 8 cm was at the rate of 60% of the total yield, which could be designed in the grade degree for international export. During the 3 years, 250 tons of Lingzhi were produced in Fujian province, and the quality of products reached the international level of similar products (Chen and Wu 2005) . Subsequently, in order to obtain more spore powders, some producers deteriorated the quality of Lingzhi fruit bodies. Therefore, how to ensure the standard production technology system should not be ignored.
The second stage of cultivation pattern was to set up the Lingzhi culture base. At that time, a series of laws were issued for TCM. For example, the Good Agricultural Practice (GAP) Guideline for CMM was issued by the State Drug Administration in July 2002. The GAP Certification Examination Evaluation Standards for CMM (for trial implementation) and the Management Methods (for trial implementation) of this file were declared in September 2003. From then on, the GAP Guidelines served as the basic principles for the production and quality management of CMM, and these guidelines were applicable to the whole production process, transportation, and all major quality-managing procedures of CMM (including medicinal mushroom). The major contents included selecting the strains, ecological environment of production site, cultivation management, harvest and primary processing, packaging, transportation and storage, quality management, personnel and facilities, documentation, etc. The GAP Guidelines also referred to monitor the air, water, and soil quality, and analyze the heavy metals and pesticide residues, etc. (Luo et al. 2005; Lin et al. 2005a, b) .
Secondly, the determination and control techniques of bioactive components from Lingzhi should be confirmed. As mentioned above, polysaccharides and triterpenoids are major components for developing various products in which the content determination methods of those bioactive components could be divided into two types: UV spectrophotometry and HPLC. Using these techniques, Lingzhi and its products could be better in quality.
UV spectrophotometry was previously used to determine polysaccharides in China, and now it has become a simple and reliable method with a mature technology. In the process of polysaccharides content determination, glucose is often used as the standard substance. The phenol-vitriolic colorimetric method and anthrone-sulfuric acid colorimetric method were usually employed (Ning 2006; Wang et al. 2007a, b, c; Guo et al. 2010) . Now beta glucans is often used as the standard for examining the polysaccharide content (Lin et al. 2005a, b) , and the HPLC method for polysaccharide determination is also developed gradually (Han et al. 2009 ).
The triterpenoid determination often uses oleanolic acid, ursolic acid, or GA-B as the standard substance. When using oleanolic acid and ursolic acid as the standard substance, the triterpenoid content determination exists in the high deviations. When using GA-B as the standard substance, the determining data is close to the actual content in products. It is noteworthy that the oleanolic acid and ursolic acid are neither bioactive components from Lingzhi nor the specificity ingredients of Lingzhi. Using these substances as standards for the triterpenoid contents determination from Lingzhi has been in dispute in the academic circles (Wasser 2011) . Which bioactive components should be used for evaluation of the quality of Lingzhi-based products? What standard substance should be used for determination of polysaccharides or triterpenoid from Lingzhi? In our opinion, the effective components are different due to different research or producing purpose, and the selection of bioactive component or standard substance should be based on the usage of the products and the demand of customers. The reports of bioactive component should state the standard used in the determining process.
A simple, rapid, and accurate HPLC method allowing the quantification of GA in different kinds of Lingzhi and their products was developed and validated (Huie and Di 2004; Tang et al. 2006a, b; Wang et al. 2007a, b, c; Keypour et al. 2010) . So setting up the standard fingerprint and analysis methods of Lingzhi, and controlling the Lingzhi and its product quality have attracted attention in the academic circles worldwide (Gu and Weng 2008; Ding et al. 2009a, b; Adamec et al. 2009 ). Determination of triterpenoid content usually uses the GA-B as the standard. The methods of the determination have undergone a rapid development, which may provide multiple choices. Modern hyphenated techniques, such as GC-MS, HPLC-MS, HPLC-MS-MS, and HPLC-NMR, have been rapidly developed, which can provide useful structural information online on Lingzhi triterpene metabolites and allowed the rapid structural determination of known organism constituents with only a small amount of materials. However, these techniques have not been applied in the research and development of Lingzhi (Tang et al. 2006a, b) . It is worthwhile to apply modern hyphenated chromatographic techniques to the characterization and determination of a variety of components in Lingzhi extracts.
Actually, the quality control of Lingzhi medicinal materials and its extracts is a complicated engineering system. Besides the cultivation of Lingzhi that is based on the GAP Guidelines, we should also pay much attention to some key technologies, such as extracting technique, determining technique, and other engineering techniques. The extraction and purification of Lingzhi bioactive components are based on international standards. The Lingzhi producers producing the materials and preparation should also adopt the international standards. If we do so, Lingzhi and its products would be further promoted in the international markets (Lin 2009a, b) .
Development products
As mentioned above, Lingzhi has been reported to possess a number of pharmacological effects. Lingzhi has now become recognized as an alternative adjuvant in the treatment of leukemia, carcinoma, hepatitis, and diabetes. As an immune system enhancer and modulator with health benefits, Lingzhi is generally safe for long-term use. In the last decade, clinical trials on the use of Lingzhi preparations to treat cancer and other diseases have been reported in international peer-reviewed journals. A summary of the therapeutic effects and bioactive components of Lingzhi reported has been presented in a recent review article (Sanodiya et al. 2009 ). Lingzhi is now consumed worldwide as a health tonic and as a DS. Millions of people take it every day to enhance their energy, to improve their digestion, and to sleep better. Lingzhi is used also both for the prevention and for the treatment of a number of health problems that require a balanced immunoresponse system and also a healthy cardiovascular system (Chang and Miles 2004) . Lingzhi-based products have attracted a great deal of attention during the last 20 years not only in some Asian countries but also in North America and Europe, and they are generally divided into three types of products (Xie et al. 2002) .
Developmental products based on Lingzhi fruit bodies About 80-85% of all Lingzhi products are derived from the fruit bodies, which have been either commercially cultured or collected from the wild. Lingzhi has beneficial effects not only as drugs but also as a novel class of products as follows: DS, functional foods, nutraceuticals, mycopharmaceuticals, and designer foods that produce healthy benefits through everyday use as part of a healthful diet (Wasser 2011) . Based on the forms of Lingzhi preparation, Lingzhi products could be divided into the single form of preparation and the complex form of preparation. The single form of preparation mainly includes Lingzhi slices, form of pill, tablet, powder, granule, etc., and complex form of preparation refers to the Lingzhi produce contained in the Lingzhi and other components from Chinese herb medicine (Wu and Zeng 2005) . Here, in order to state conveniently, we present the fruit-based products relative to its processing detail level. According to this opinion, the process forms of utilizing Lingzhi fruit body involve the following three aspects.
Firstly, the fruit body is directly crushed for processing products. Breaking up the fruit body is generally realized by using a breaking machine. In the process of crushing fruit body, the Lingzhi hairs are easy to produce, which are difficult to go through the filter screen. So someone added cool water to Lingzhi powder and worked the mixture into a paste. This mixture was aired or dried under a lower temperature and then crushed again (Xu and Xu 1999) . This method is usually used for processing Lingzhi health wine. For example, Kim et al. studied how the Lingzhi fruit body affected the function of traditional rice wine (Yakju). The results showed that the Lingzhi Yakju has a higher angiotensin-converting enzyme inhibitory activities and similar to the superoxide dismutase activities. In other words, Lingzhi Yakju was a new functional rice wine for anti-hypertension (Kim et al. 2004b) . Till now, a series of wine or liquor, such as the ginseng G. lucidum Sihe liquor (Liang et al. 2003) , the healthy wine of germanium (Ge)-enriched Ganoderma and Codycepes (Wang 1998 (Wang , 2005 etc., have been developed (Leskosek-Cukalovic et al. 2010) .
Secondly, the developing product is based on the crude extracts from Lingzhi. As mentioned above, many extracting methods were usually applied in the Lingzhi fruit body. The different methods result from the component differences, and the product development often relies on the different extracting methods for different purposes. Till now, the Lingzhi fruit body-based products are often adopted in the crude extracts in many cases. For example, numbers of Lingzhi-based products consist of the crude extracts from Lingzhi, such as Ge Quan-yuan oral liquid exploited by Japan, Dong-fang Lingzhi Bao, Shuang-ling Gu-ben San, etc. Thirdly, the bioactive components are the materials for Lingzhi-based products. The main bioactive components from Lingzhi are triterpenes and polysaccharides. The products-based triterpenes are from Lingzhi spore, while products-based polysaccharides are from fruit body. The bioactive components extracted from Lingzhi should be processed into various forms of products, such as tablet, capsule or soft capsule, injections, etc. The developing products-based fruit body was also summarized in some references Sun et al. 2001b) .
The increasing interest in traditional remedies for various physiological disorders and the recognition of numerous biological activities of Lingzhi products have led to the coining of the term "Lingzhi Bao", which should not be confused with nutraceuticals, functional foods, and pharmaceuticals. For example, China Ganoderma lucidum essence (CGLE), a famous Lingzhi product in China, consists of Lingzhi powders and Lingzhi spores, which contained the rich polysaccharides, proteins, amino acids, triterpenes, organic germanium, etc., and the producer declares that the product holds broad bioactive functions, such as regulating and nourishing the body, strengthening and consolidating the body, tranquilizing and allaying excitement, etc. The scientists of Shanghai Institute of Materia Medica Chinese Academy of Sciences studied the inhibitory effects of CGLE on DNA topoisomerases and its ability to induce apoptosis of K562 cells. They found that CGLE could markedly inhibit the activities of topoisomerase I and II, and promote the relaxing and breaking of DNA (Jiang et al. 1999 ). Shi et al. studied the determination methods of Lingzhi polysaccharides of CGLE based on the description methods in Chinese Pharmacopoeia and presented the quality standard of this product (Shi et al. 2002) . However, the CGLE is only a nutraceutical but not a pharmaceutical. So it is difficult to define whether a Lingzhi product is a drug or nutraceutical, which is consumed in the form of capsules or tablets as a DS (not a food) and has potentially therapeutic applications.
Developmental products based on Lingzhi mycelia Except for the products based on fruit bodies, only 15-20% of all products are based on extracts from Lingzhi mycelia. A smaller percent of Lingzhi-based products are obtained from culture filtrates. But as the above-mentioned advantage, cultivation of Lingzhi mycelia is the main method for large-scale production of Lingzhi metabolism substances in the industry. Utilization of substances by LSF of Lingzhi was divided into three aspects.
Firstly, the fermentation broth used for processing products was directly utilized. Someone inoculated Lingzhi mycelia into the liquid media with high protein and deleting fat.
After fermentation for 3 days, milk powder and stabilizer were added into the fermentation broth, and then the fermentation broth was homogenized and sterilized to further develop a new nutraceutical drink, which was named Lingzhi protein milk. This procedure utilized all Lingzhi mycelia for a drink, which increased the content of free amino acid and removed the beany flavor (He 2000) .
Secondly, Lingzhi fermentation broth is combined with other bioactive components for use in developing new products. In the process of Lingzhi fermentation, the enzyme excreted from mycelia affects the components of fermentation broth to produce a novel bioactive component. Meanwhile, the metabolism substances produced could be released into the fermentation broth. So Lingzhi fermentation broth may directly be used for producing nutraceutical wine, drink, or beer (Leskosek-Cukalovic et al. 2010 ) such as the Lingzhi tea and Lingzhi drink produced by Korea and other countries. In China, after filtering off the mycelia, Lingzhi fermentation broth was inoculated into the beer yeast for further fermentation, and then the complex was developed as "double fungi" fermentation drink (Pan and Li 1997) . Qin and Gao initially researched to manufacture the orally taken liquid of mythic fungus dark chicken, which was related to the technical process and correlated parameter (Qin and Gao 2002) Thirdly, the bioactive components extracted from Lingzhi mycelia are used for developing the products. In industry, the extraction of the bioactive components from Lingzhi mycelia is the same as the extraction from fruit bodies. Till now, the developing products include the Leishi Pai Antai Lingzhi mycelia capsule produced by Shanghai Ley's Pharmaceutical Co., Ltd., and the Dahan Lingzhi mycelia capsule produced by Shanghai Dahan Lingzhi nutraceuticale Co., Ltd. In addition, Lingzhi tablet, Jisheng injection, Bozhi glycopeptide injection, Bozhi injection, etc., were all produced by Lingzhi mycelia (Hong 1992) . Also, some complex nutraceutical that was manufactured by Lingzhi mycelia adding other natural materials, for instance, Lingzhi-Yiner oral liquid, consisted of the extracts from Lingzhi mycelia, adding other natural materials from Tremella fuciformis, Liriope platyphylla Wang et Tang, Codonopsis pilosula, Glycyrrhiza uralensis, etc. (Xiao 2002) .
Developmental products based on Lingzhi spore powder For processing the Lingzhi spore, the main performances included the following: (1) after sterilizing, Lingzhi spore powders are directly used for developing the decoction or capsule; (2) after breaking the cell wall of Lingzhi spore, it was directly processed as a series of products, such as Lingzhi spore capsule, tablet, granular infusion, etc.; (3) extracting the bioactive components manufacture as the intensely processed products (Xie et al. 2002) . For example, Lingzhi spore oils have been proven to be the useful bioactivity components for blood-fat lowering ) and anti-tumor products (Bian et al. 2008) , so many famous Lingzhi products, such as Zhongke Lingzhi spore oils soft capsule manufactured by Nanjing Zhongke Group Corp., Ltd., mainly consist of Lingzhi spore oils.
It is estimated that there are more than 100 research institutes that specialize in the study of medicinal mushroom Lingzhi, and more than 200 factories engage in the production of drugs and nutraceuticals in China. Meanwhile, many patented products have emerged which include the preparation of anti-tumor, liver function accelerant, lowering of blood pressure, hypoglycemic activity, lowering of cholesterol levels, treatment of chronic bronchitis, immunomodulator, lysozyme as antibiotic and shampoo, body shampoo, etc. (Xie et al. 2002) .
Problems and prospects
Early in 1980s, there are some Lingzhi-based products in the international market, such as Lingzhi decoction, syrup, tablet, and injection liquid, etc. Nowadays, the types of Lingzhi products are already completed, including over 20 kinds of Lingzhi drugs (capsule, tablet, granule, oral liquid and tincture, etc.), 20 kinds of Lingzhi health liquor, over 30 kinds of Lingzhi DSs, and more than 10 kinds of cosmetology products. However, these products could neither meet the demand of consumer nor achieve the goals of development not only in the technology content but also in the product quality. And so the development of Lingzhi-based product needs further in-depth study.
Problems First, it is critical to improve and enhance the classification and identification level of Lingzhi species. Lingzhi encompasses several Ganoderma species, which are widely used for medicinal purposes, e.g., G. lucidum (Leyss. ex Fr.) Kars; G. sinensis Zhao, Xu et Zhang, G. japonicum (Fr.) Lloyd, G. tsugae Murr., G. atrum, G. applanatum (Pers.) Pat., and G. tenue Zhao, Xu and Zhang. According to the famous ancient Chinese plant medical books, i.e., Shen Nong Ben Cao Jing and Ben Cao Gang Mu, six Lingzhi varieties were known in China at that time. In other words, Lingzhi are classified into six types of Lingzhi based on such colors as purple, red, white, black, green, and yellow. Actually, this classification has no scientific basis at all and should not be used in scientific literatures. However, many scientific reports still refer to these names. Now more than 100 Lingzhi species have been reported in China, and over 250 Lingzhi species have been described in the world (Wasser and Weis 1997; Zhou and Lin 1999) .
In possession of the data resource of fungi, the classification and identification of fungi are mostly based on the morphologic characters, ecological environment characters, physiological and biochemical characteristics, culture characteristics, etc. In recent years, because of the necessity of investigating and developing medicinal mushroom, taming strain and cross-breeding, it is necessary to reasonably determine and exactly identify the medicinal mushroom species. However, the techniques only relying on the traditional classification have exposed some disadvantages and difficulties. The results based on traditional classification methods often cause the errors or could not be capable to analyze the similar strains (Ryvarden 1991; Dai and Yuan 2010) . However, in therapeutic practices and literature citations, Lingzhi usually refers to the species of G. lucidum.
Second, we must improve and consummate the quality standard of the fungus. Setting up the quality management system of Lingzhi products includes the identification and control of the bioactive components, and the hazardous and noxious substances such as heavy metals and residual pesticide, etc., which can promote the realization of large-scale and standardization production.
The bioactive components are a significant index for quality evaluation of Lingzhi products. However, the amount of bioactive components is large and the type of bioactive components is various from Lingzhi. Thus, only relying on crude compounds for controlling the product's quality does not represent the bioactivity of Lingzhi. It is necessary to deeply study the bioactive components from different Lingzhi, i.e., rapidly isolate the bioactive components and identify their structures and study their affecting mechanisms. Then, based on the chemistry and pharmacodynamics research, the new control standard and production process of Lingzhi products should be set up.
The safety evaluation, especially for heavy metals and residual pesticide, is an indispensable work to control the quality of Lingzhi products. Nowadays, every country has adjusted the content of heavy metals. For example, the European Union has carried out the new laws, EC629/ 2008 setting the maximum levels for certain contaminants in foodstuffs, in which the lead and cadmium contents of some mushroom are adjusted to 0.3 mg/kg and 0.2 mg/kg, respectively. But in Chinese national standard for edible fungi (GB7096-2003) , the maximum level of lead is 1.0 mg/kg, but the cadmium content has not been illustrated. Therefore, the improvement of edible fungus quality standard makes the Lingzhi products conform to worldwide hygienic requirement so that the Lingzhi products move towards the world market.
Finally, we should carry out the study of quality control while we develop the prescription product based on the compound from Lingzhi. Lingzhi contains a huge quantity of metabolite (Paterson 2006) , and many scholars devote their time in the isolation and purification of fungal metabolites, and are expected to obtain the bioactive compound with a specific structure as the pro-drug. But it is noteworthy that not all medicinal mushrooms could be developed for a single structure drug (Chang 2009 ). Of course, Lingzhi is also not an exception. Various components from Lingzhi need to mix with the compounds, which can hold good curative effects for some diseases. Based on previous literatures, TCM components and Lingzhi metabolites affect each other by enhancing their curative effects (Huang et al. 2006; Xu et al. 2010a, b) . It is true that the TCM is a crystallization of the wisdom of our Chinese nation, and is the major component of excellent culture of Chinese nation and the world traditional medicine. However, the bioactive components and the mechanism of their actions are more complex, which give a challenge for mushroom researchers. What is the quality standard? How do you control the product quality? A series of problems await our further study.
Prospects Lingzhi have been cultivated for more than 50 years, and it is expected that their production will increase further in the future due to market demand. With the development of modern biotechnology, especially genetic engineering technique, molecular manipulations have been added to mutational techniques as means of increasing titers and yields of microbial processes. The breeding of a mushroom species with great quality would become capable for production. For example, the breeding of new Lingzhi strains will improve the development of strains with high yield and resistance to diseases, increasing productivity and diminishing the use of chemicals for pest control. In addition, the improvement and development of modern engineering technologies, such as computerized control systems to control environmental parameters, techniques for the production of mushrooms in a new substrate, and new methods for substrate sterilization and spawn preparation, will increase the productivity of mushroom culture. All these aspects will be crucial in the production of Lingzhi with better appearance, texture, nutritional qualities, and medicinal properties at low cost.
LSF techniques have been widely developed for most of the main medicinal mushrooms (including Lingzhi) and used in the propagation of mycelium for three main applications, viz. (1) liquid spawn for solid substrate fruit-body production, (2) biomass that can be used for food and dietary supplements, and (3) biomass and/or extruded metabolites especially exopolysaccharides as raw materials for pharmaceutical studies. Comparing SSF with the LSF, in the process of SSF, the cultivation of Lingzhi mycelia used agricultural byproducts, in which the contents of polysaccharide from mycelia are several times larger than natural or artificial cultivation of Lingzhi fruit body (Sheng and Ma 2004; Chen et al. 2007a, b) . So using the SSF technique to produce polysaccharides could reduce the cost of production of polysaccharide from mycelia. But the quality controls of SSF are really worthwhile to study further. In addition, the bidirectional SSF technique is a new technology with developmental prospect, and using these methods could probably be helpful to find some novel drugs or pro-drugs, but the study regarding the control of fermentation process and the analysis and determination of the metabolites from bidirectional SSF process should be emphasized.
Environmental pollution is one of the problems threatening human existence. Lingzhi cultivation and research is beneficial for the prevention and control of environmental pollution. On the one hand, zero pollution should be regarded as the goals of development and utilization of Lingzhi. The production of Lingzhi generates a large amount of spent substrate, which can be used as animal feed, soil conditioner, for mushroom re-cultivation, and for bioremediation, among other applications. On the other hand, resource utilization of cellulose has become a hot topic in recent years. Due to less damage to the environment and realization of resource recycling, microorganism, as a way of degrading cellulose, has been given more and more attention. Lingzhi is one of the most potential genera. Medicinal mushroom culture is a biotechnological process that recycles lignocellulosic wastes since these are converted to a food for human consumption and the spent mushroom substrate could be used in several ways. In addition, mushroom cultivation could also help to convert agricultural and forest wastes into useful matter and reduce pollution in the environment. Therefore, mushroom cultivation at least has three important contributions: production of health food, manufacture of nutraceuticals, and reduction of environmental pollution. Based on the existing international research progress about medicinal mushroom, there are both opportunities and challenges for the Lingzhi development.
